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(54) Vaccines 

(57) The present invention provides vaccine compo- 
sitions comprising an oil-in-wator emulsion optionally 



with 3 De-O-acylatGd monophosphoryl lipid A and 
QS21. The vaccines compositions are potent inducers 
of a range of immune responses. 
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Description ^^^^^^ their producliot. 

immune response. ,„^„iotion of the HIV antigen gp120«r6U'="« 

va Jne devetopment, since the use ot irradiated p ,,cumspo.ozoite (CS) protein of 

published under Number WO 93/10i^ co-expressed wn 

oeiHT^? is oroduced as a lipoprotein p<Ji» • ^„^p nTL responses would 

losynergistically enhance interferon 7 pr 
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222 524-527. a„ai„ct intrarellular oathoqens, including parasites, bac- 

IFN-7 secretion is associated with protective responses ^S^l^f^,'";^,^" " f and increases expres- 

teria andliruses. Activation of macrophages by IFNl-r en ances^ 
sion of Fc receptors. Direct cytotoxicity rrv^y also «:cur^e^^^^^^^^^^ 

*yP^®- . u •. wor^« and is also found in the cytoplasm of infected cells (EisenbergR. 

Glycoprotein D is located on the viral envelope, and is also lounc ne i-y m molecular 
J. et aU. of Virol. 1980 35 428-435). It comprises 393 ^'^ ^ff^^^^^^^^^^^^^ (Cohen 
we-g^Tof approximately GOkD. Of all the HSV envelope ^'y^^j^^^.^'^^^^^^^^^^^^ cell memb«nes. Moreover, 

et 1 J. Virology 60 157-166). inviyo it is known to P^^^ ^'.'^''^\'°^^''^^^^^^^ Med V.rotogy 127: 59-65). 

^oproteinDhasbeenshowntobeabletoelictneu^^^^^^^ 

ra^s:alrs:e^r^^^^^^^^ 
^nor^rrer^^^^^^ 

also cellular immunity mediated through ^■^''l^'^'^I^J^^f^^^^^ comprises amir^o ac«s 1 though 306 

m this ^stance the gD^t is HSV2 glycoprotein D of 308 f ^ ^ ^^^^^ ^le C terminal end of the 

o. the naturally occurring glycoprotein with to yieRi a mature 283 amino 

'T:r~fg;^^^^^^^^ 

used in the vaccine fomiulations of the present '"^antioa ^ ^^^^^ 

The fomiulatons of the present inventcn are very effective P"^'!^^^ (omiu^tions protect guinea 

model in guinea pigs. Even very low doses of -^'9- ^^^^^^^^^^^ .^n es ^« '"-"'-^^^ 

pigs against primary infection and also ^'""'^^^^^^^^^^^ of the TH1 type in mice. 

mulation of the present inventK)n. have also demonstrated ^"ector ceii meo k phamiaceutical formula- 

According^. h one preferred ^-bcxliment of the preser^n«^ ^Ja qs2 and °" 

rerpXaIpublishedund:rN0.92116556-S 

The oil in water emulsion may be utilised on s own fJJ^^ ^^^^^^^^^^^ or another metabolisable 

an important embodiment of the invention Is an oil in water '^'^'^fj'^" ^^^^^^^ a^^/or Lecithin. 

oil. alpha tocopherol, and tween 80. The oil in water emulsion "^^^ ^^^^^^ of eliciting an immune 

PreferabVthevaccineformulatons will contain an ant gen or antjn P ^^^ ^ 

response against a human or animal pathogen, which antigen or ^"^a^'^ 3°;;.^^^^^ ^3 gO or derivatKres 
asg'p120or^p160).anyofFeline.mmunodefic^^^^^^^^^^ 

thereof or Immedate EarV protein such as CP27 from HSV1 or "SVZ_cyi g ^ ^ ^.^^ 

derivatives thereof), Varicella Zoster Virus (such as gpl. II or 111), 0 om a heP^J^' ,,3 g ,,^3, 

"'T, CO.* .n an,l« -9- and us* ,« ,.m»no.,.,=p.*aH, u-ng ca„- 

l„,ap.,»<»,a., .0 BalWc mice „ da, 0 aod ... ; * , L, and «i.h ,esp=c, ,o su™.a, 

latlon SB6aMPUOS21 .lands oul as "fP"*!" '^^^^^ ",f„L, cloMlc T lymphocyles to Ihe 
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antigens set lorth described in European Patent ^PP"'^^^""^^^;^-'!;;^^^ 1 antigen gpi2S especially when ex- 

"Ta further aspect oUhe present inventionthere is providedava.^^ 

The ratio of QS21 : 3D-MPL v... ^Pically be ,n the or der of 1 ^ 0^^^^^ 
substantially 1 : 1. The preferred range for optimal preferab^/ 10 ng - 50 ng per dose. 

is.ra.ion QS21 and 3D f^PL will be P-^^'" ^ 2%XXLrorand fr.^' 0.3 to 30/, 

the presen. inven.ion will further ^'^^"^ J^^^^^^^^ .^rends and Developmen.s in Vaccines, edi.ed by Voller et al.. 

subiecis may receive one or several booster immunisation adequa.eV spaced. 

amount of a vaccine of the present invention to a patient. 
The following examples illustrate ttie invention. 

30 Examples 

Example 1 Vaccine formulation comprising the gp120 antigen of HIV-1 . 

The two adjuvant formulations were made each comprising the following oil in water emulsbn component. 



" SB26- 5% squalene 5% tocopherol 0.4% tween 80; the particle size was 5(M nm size 
SB62'; 5% Squalene 5% tocopherol 2.0% tween 80; the particle size was 180 nm 

i.i^ QRKQ (9 fold concentrate) Tween 80 is dissolved in phosphate buffered saline (PBS) 
, (a) Preparation of ^-"f '^"^f 1°^^^^ concentrate emulsbn 5g of DL alpha tocopherol and 

40 to give a 2% soluton in the PBS. To Pf°^^J°° J^"^^^^ PBS/Tween solution is added and mixed thoroughly. The 

SIT— " 

machine. The resulting oil droplets have a size of approximately 180 nm. 

1 (b) Preparation of emulsion SB26 Th« emulsion was prepared in an analogous manner utilising 0.4% tween 80. 

1(c) Other emulsions as depicted in Table 1 were made in an analogous manner. 
These are tested in the experiments as detailed in the following examples. 



4 



EP0 868 918 A2 



Example 2 

Introduction: Evaluation of an HIV gp 120 emulsion system 

5 In this experiment, four emulsions are compared [SB26. SB 62. SB40. SB61]. The influence of each formulation's 

component (antigen, emulsion, 3D- MPL. QS21 ) is evaluated- 

2(b) Groups of animals utilised 
10 There are 22 groups of 5 animals each group received a different vaccine formulation. 

- gr 1-4: gp 120 (lO^g) / no emu la ± [3D-MPL. QS21] 

- gr 5-9: gp 120 (lO^ig) / SB26 ± [3D'MPL. 0821] 

- gr 10: no antigen / SB26 ± [3D-MPL, QS21I 

15 - gr 1 M 2: gp 1 20 ( 1 0^g) / SB62 ± (3D-MPL, QS2 1 1 

- gr 13-16: gp 120 (10^g) / SB40± 13D-MPL. QS21] 

- gr 17-20; gp 120 (lO^g) / SB61 ± [3D-MPL, QS21] 

- gr 21 -22: gp 1 20 (Spg) / SB26 ± (3D-f^PU QS21 ] 

20 - Assays: - antibody titers to gp 1 20W61 D and isotype analysis (all groups) 
2(c) Immunization and bleeding achedule 



25 and5ngQS21 



I fWrnUnUMWroiMgUUiKI^IU t S fW U I HlBB Bigifl gffflt o/w emulsions in the presence of S^ig 3D-MPL 
1 piTfelf^^gSf^ the^quivafSht fomiulalbns without any antigen. 

- animals were immunized subcutaneously at day 0 and 14. Each injection dose was administered in a 10(^1 volume. 

. blood samples were obtained before Immunization (day 0) and after Immunization on days 14 (post I). 21 and 28 
30 (7 and 14d. post II). 

2(d) Analysis of the aerologlcal response: 

- the 1 4 days post I and post II serological response was evaluated in a direct ELISA assay to gp 1 20W61 D. 

- the 1 4 days post II response was also characterized regarding the isotypes of gp 1 20W61 D specific antibodies 
induced in mice after immunization. 



40 



3 RESULTS AND DISCUSSION: 

The results are depicted on Table 2 

a) Comparison of emulsions in the presence or absence of 3D-MPL/QS21 : 

45 - Addition of emulsions SB26. SB40 or SB62 to the antigen induces higher antibody titers; In the absence of 

immunostimulants. the gp 120 specific antibodies are essentially IgGI. 

- Addition of immunostimulants 3D-MPL and QS21 induces a huge serotogical response and a shift of antibodies 
from IgGI type to lgG2a/lgG2b: This correlated with cell mediated immunity. 



so 



55 



The preferred combination is [SB26 + MPL + QS21]. 

c) gpl 20/8826 formulation: No significant difference in serological response is observed between group 8 and 
group 9: addition of the gp 120 before or after the other components of the formulation. 

d) Antigen dose: Both 5 and 10 ^ig of gp 120 formulated in SB26 induce high serological response (groups 5-8 
and 21 -22). 
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ExampI 3 HSV rgDat formulation 

in the guinea pig model. 
Example 4 

SCO.™.™ of lor induction of p,o.«.l«= an.l Whon» r..p.n«» u.ln, Blow ~ tan-W. 

s:sst^rn5:r™srrr.^;=^^^ 
rr-rr; rint:LS"roT:r:n^=r.?oi^i:^^^^^^^^ 

monitored. 



group# 


adjuv2Uit 


1 


none (no antigen) 


2 ■ . 


none 


3 


Freund 


4 


Alum 


5 


Alum/MPL 


6 


Alum/MPL/QS21 


7 


QS21 


8 


MPL/QS21 


9 


SB62MPL 


10 


SB62/MPL/OS21 



MPL: 10^g 
QS21: lOng 



groups 12-15: differentadjuvants without antigen 

only group with 100% survival). 
EXAMPLE 5 Various formulations of RTS.S 
a) Evaluated in monkeys 

RTS,S is described in International patent applicat.n no. WO93/10152 and was (orrr^ulated for vaccinatbn of 

Rheusus monkeys. Five animals were in each group: 




RTS.S. 3D-MPL(50^l). AL(0H)3 
RTS.S. 0521(20^1), AL(OH)3 
RTS.S. 3D-MPL(50fA), QS21(20^) 
RTS.S. 3D-MPL(50^). QS21 AL(OH)3 
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(continued) 
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Group V 
Group VI 



RTS.S. 3D-MPL(10m). QS21 AL{OH)3 
RTS.S. 3D-MPL{50m), QS21 SB60 



The aninrials were inoculated and bled at 14 days post first imnnunisation and 12 days post second immunisation 
and tested for Anti hepatitis B surface antigen immunoglobulin. As can be seen from figure 1 , animals receiving RTS, 
S, in SB60 had antibody titres almost six fold higher than any other group. 

b) Varbus fomiulations of RTS.S - Evaluated in mice 

7 groups of animals received the folbwing formulations 



15 


Group 1 


RTS.S SB62 


Group 2 


RTS.S QS21 3D-MPL 




Group 3 


RTS.S QS21 3D-MPL SB62 




Group 4 


RTS.S 3D-MPL A1(0H)3 




Group 5 


RTS.S A1(0H)3 


20 


Group 6 


Plain 




Group 7 


Negative control 



(RTS.S - 5fig/dose. 3 D-MPL 5^g/dose QS21 5|ig/dose) 

• The animals were inoculated and bled at 15 days post first immunisation and at day 7 and 15 post second immu- 
nisation and assayed for anil HBSAg antibody subtype. As can be seen from figure 2. the emulsion SB62 when for- 
mulated with QS21 and 3D-MPL enhances preferentially and in a synergistic fashion the lgG2a antibody response 
while SB 62 alone or 3 D- hAPl /QS21 induce a poor lgG2a response. 

EXAMPLE 6: Evaluation of different B burgdorferi OspA formulations 

6.1 Evaluation of different formulations of B burgdorferi ZS7 Osp A lipoproteins. 

OspA lipoprotein for B burgdorferi is described in European Patent Application 0418 827 Max Plank et al. 
The following formulations were tested in balb/c mice 

1.0spA + A1 (0H)3 

2. OspA + A1 (OH)3 4- 3D-MPL (10^) 

3. OspA + A1 (0H)3 + 3D-MPL (30^1) 

4. OspA + Al (0H)3 + 3D-MPL (lO^i) + QS21 (5^) 

5. OspA + Al (0H)3 + 3D-MPL (30^) + QS21 (1 S^i) 

6. OspA + SB60 + 3D-MPL (10^) + QS21 (5^i) 

7. OspA + SB60 + 3D-MPL (30^1) + QS21 (15^) 

and antibody litres and sub types studied seven days following a first inoculation and seven days post second inocu- 
lation (inoculations were al day 0, and 14). 

The results depicted graphically in figures 3 and 4 and show that the formulations of the present invention induce 
high levels of antibodies and these are preferentially of the lgG2a subtype. 

EXAMPLE 7: 

a) HSV-2 IGP 27 

Female Balb/c mice were immunized on day 0 and day 14 in the hind foot -pads with various formulations of 
NSMCP27. Each injection contained 5 ^ig of NSMCP27 and combinations of SB26 oil-in-water emulsion, QS21 (10 
|ig) and MPL (25 ^g). 

Popliteal lymphnodo colls woro obtained on day 29 and stimulated in vitro with syngonoic P815 colls transfoctod with 
the ICP27 gene. The cultures were then tested for specific cytolytic activity on P81 5 target cells transfected with ICP27 
and P815 1CP27 negative controls. 
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Specific lysis results at different effector:target (E:T) ratios for different immunization groups were as follows: 



5 



10 



ICP 27 (5Mg) 


E;T 


P815 


P815 transfected with ICR 27 clone 121 


100:1 


-1 


0 


30:1 


-2 


•3 


10:1 


3 


0 


3:1 


1 


0 


1:1 


2 


2 


0,3:1 


2 


2 



ICP 27 (5^ig) + MPL (25Hg) 


E:T 


P815 


P815 transfected with ICP 27 clone 121 


100:1 


5 


7 


30:1 


2 


2 


10:1 


1 


2 


3:1 


-1 


-1 


1:1 


-2 


-2 


0,3:1 


-4 


-1 



25 



30 



ICP 27 (5ng)+QS21 (lOpg) 


E:T 


P815 


P8 15 transfected with ICP 27 clone 121 


100:1 


4 


17 


30:1 


5 


10 


10:1 


3 


7 


3:1 


4 


5 


1:1 


3 


5 


0.3:1 


0 


1 



40 



45 



ICP 27 (S^ig) + SB26 


E:T 


P815 


P81 5 transfected with ICP 27 clone 121 


100:1 


5 


20 


30:1 


1 


19 


10:1 


2 


12 


3:1 


-2 


7 


1:1 


1 


5 


0.3:1 


1 


2 



ICP 27 (5^g) + MPL(25ng) + QS21 (lO^ig) 


E:T 


P815 


P8 15 transfected with ICP 27 clone 121 


100:1 


4 


13 


30:1 


5 


12 


10:1 


4 


17 


3:1 


1 


0 


1:1 


0 


3 
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(continued) 



ICP 27 {5jig) + MPL(25^g) + QS21 (lO^ig) 


E:T 


P815 


P815 transfected with ICP 27 clone 121 


0.3:1 


-1 


-2 



75 



ICP 27 (5^19) + MPL(25^ig) + QS21 (lO^ig) + SB26 


E:T 


P815 


P81 5 transfected with ICP 27 clone 121 


100:1 


2 


20 


30:1 


0 


17 


10:1 


3 


19 


3:1 


3 


8 


1:1 


1 


6 


0.3:1 


2 


3 



Low ICP27 specific % lysis was obtained in immunization groups: 

ICP 27 (5^ig)+QS21 (lO^ig) 

ICP 27 (Siig) + SB26 

...ICP 27 (5^g) + MPL (25^g) + QS21 (lO^ig) . 

25 ' ICP 27 (5^ig) + MPL (25Mg) + QS21 (lO^g) -h SB26 

while 



ICP 27 (5ng) 

ICP 27 (5[ig) + MPL (25ng) 
were negative. 

Thus these data show induction of CTL by recombinant NS1-ICP27 in oil-in-water emulsion alone or with QS21 
and MPL; or with QS21. 

b) Groups of 5 Balb/c mice were vaccinated in the footpad with the different vaccines (NS1-1 CP27/NS1-ICP27 
MPL + QS21/NS1 -ICP27 SB26 = MPL and QS21/ adjuvant alone). One dose contained 1 0 pg NS1 -ICP27, 1 0 pg MPL 
and lOpg QS21. 

Two vaccinations were given at days 0 and 7. Mice were challenged at day 14 with 5.2 10^ TCID50 of HSV2 strain 
MS. The appearance of zoslerifomi lesions and deaths were recorded until day 14 post challenge. 

ICP27 of HSV2 was expressed in E coli as a fusion protein with NS1 fragment of influenza virus. The protective 
efficacy of the purified recombinant protein was evaluated in the murine zosteriform model, in combination with MPL 
QS21 formulations. Balb/c mice given two vaccinations with NS1-ICP27 combined either with MPL + QS21 or with an 
oil in water emulsion (SB26) + MPL and QS21 were completely protected against disease (no zosteriform lesions) and 
death following HSV2 wild type challenge. In contrast, protection was notobsen/ed in the mice vaccinated either with 
NSMCP27 alone. or with NSMCP27 combined with SB26 without MPL and QS21. 



so 
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Claims 

1 A vaccine comoosition comprising an antigen and/or antigenic composition. QS21 , 3 De-O-acyla 
phTr^liip"^^^^^^ 

a melabolisible oil, such as squalene, alpha tocopherol and tween 80. 

2. A vaccine as claimed in claim 1 wherein the ratio of QS21 :3D-MPL is from 1:10 to 10:1. 

3. A vacc^ie composition as claimed in claim 1 or 2 capable of invoking a cyto^tic T cell response in a mammal to 
the antigen or antigenic composition. 

4. A vaccine composition as claimed in any of claims 1 to 3 capable of stimulating interferon y production. 

5. Avacchecompositionasclaimedinanyofclaimsl to4whereintheratioofQS21:3D-MPLisfrom1:1 to1:2.5. 

6 A vaccine composition as claimed heroin comprising an antigen or ant^enic compositbn '^f^^J^^^'J^l^^ 
S:rn — deficiency Virus. Feline Immunodeficiency Wus. Herpes Simp.^^ Wus tVPa ^ H H^^^^ - 
virus type 2 Human cytomegalovirus, Hepatitis A,B,C or E, Respiratory Syncytial vif"^; f^""^^" P'"°^ 
Zenza Vims. Salmllla. Neisseria, Borrelia. Chlamydia, Bordetella, Plasmodium or Toxoplasma. 

7. A vaccine as claimed in any of claim 1 to 5 wherein the antigen is a tumour antigen. 

8. Useofcompos«ionasdefinedinanyo,c.aims1.o5,orthemanufactureofavaccinefortheprophylat.treatme^^ 
of viral, bacterial, or parasitic infections. 

9. use of composKion .s defined in any of claims 1 to 5 for the manufacture of a vaccine for the immunotherapeutic 
treatment of viral, bacterial, parasitic infections or cancer 

10 Amethodoftreathgamammalsufferingfromorsusceptibletoapathogenicinfectk^nco^ 
of a safe and effective amount of a composition according to any of claims 1 to 5. 

11. Amethod of treatingarnammalsufferingfromcancercomprisingtheadministrationofasafeand effective 
Of a composition according to any of claims 1 to 5. 

12. A process for making a vaccino composhioo according to claims 1 to 5 comprishg admixing QS21 . 3D-MPL and 
the oil in water emulsion as defined in claim 1 with an antigen orantigenic composit«n. 

13. A vaccine composition comprising an antigen or antigenic composrion in ass^^^^^ 
whfch emulsion comprises: a metabolisable oil , alpha tocopherol, and tween 80. 
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Anti-OspA Abs titers (Igt) after immunization of Balb/C m 
with different formulations of Lipoprotein OspA 
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Anti-OspA Abs titers (lgG2a) after immunization of Balb/C mice 
with different formulations of Lipoprotein OspA 
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